Abstract: Erica the Rhino is an interactive art exhibit created by the University of Southampton, The experience gained through numerous deployments around the country has enabled Erica to be 10 upgraded to increase reliability and ease of maintenance, whilst the release of the Pi 2 has allowed 11 her responsiveness to be improved. 
The initial concept of Erica was as a cyber-physical entity that merged actions inspired by compiled. Each of these features was classified as either an input (a 'sense'), an output (a 'behaviour') 55 or both as shown in Table 1 . A broad range of features was selected to cover different areas of electronics and computer science, ranging from sensors and actuators to image processing and open 57 data analytics, leading to an initial design drawing as shown in Figure 2 . When an input occurs, it is processed and an appropriate response is generated. These responses
59
can be broken down into two categories: 'reactive' and 'emotive'. Reactive behaviours occur almost 60 immediately and are a direct response to an interaction, such as a grunt being generated when a 61 touch sensor is touched. This immediate feedback provides a strong link between the interaction and 62 the response, which is beneficial when demonstrating how the sensors and actuators are connected.
63
Erica's reactive behaviours can be thought of as being similar to reflexes in humans, however they 64 cover a broader range of interactions. OpenIMAJ) and QR-code detection (using OpenIMAJ with the ZXing "Zebra Crossing" library [14] ).
98
This achieved recognition at a rate of a few frames a second (specifically using the Raspberry Pi model
99
B the frame-rate achieved was around five frames per second while the Raspberry Pi 2 managed 100 around ten frames per second). which was then displayed in Southampton city centre for 10 weeks.
142
Rather than hiding the electronics inside Erica it was felt that being able to see what was driving
143
her would add to her appeal and general intrigue, so it was decided to make them a visible feature.
144
This was achieved by making the access hatch that was cut in Erica's belly out of clear perspex
145
(formed to the same shape as the fibreglass that was cut out) and placing mirror tiles on the plinth inserted inside a plastic hemisphere that was painted to resemble an eye with an iris. For installation anatomically correct position. Once mounted, it was noted that the eye mechanism was vulnerable to 154 physical damage, especially as the eyes were at a child-friendly height, so colourless, domed perspex 155 protective lenses were formed to fit within the eye socket and sealed to prevent external interference,
156
as can be seen in Figure 4 (a).
157
Erica's moving ears were implemented by cutting off the fibreglass ears and remounting them to 158 stepper motors so that they could be rotated freely. As the only external moving component specific 159 care was needed to prevent injury to people and to ensure that the mechanism could withstand being 160 investigated by curious bystanders. This was achieved by mounting the ears magnetically to the 161 stepper motor shafts, limiting the available torque. This, however, made it relatively easy to remove 162 the ears so they were tethered to prevent them being dropped and to discourage theft, as shown in 
Networking and Monitoring

169
By choosing to use multiple SBCs to provide the compute power needed to run Erica, a means to 170 interconnect these was essential. As Erica would need to be moved between locations it was decided 171 to run an internal network to provide this connectivity, which could then connect out to the Internet 172 at a single point. There were two options considered for this, either an off-the-shelf router or to 173 use a Pi. The USB ports available on a Pi gave the flexibility required to add both additional wired 
177
The initial design of the network ended up with the Interface Pi having three separate interfaces,
178
which was facilitated by connecting a powered hub to one of its USB ports to provide the required 179 capacity both of ports as well as power. These three interfaces consisted of:
180
• A wired internal interface to connect to the other four SBCs over an internal network.
181
• A WiFi uplink interface to connect to the Internet. Provided by a USB wireless dongle and 182 high-gain antenna.
183
• A WiFi access point interface to allow those in the vicinity to interact with Erica using 184 smartphones. Provided by a USB wireless dongle with a standard antenna. can also be sent, giving extra information (e.g. which side of the chin was pressed).
233
As soon as an event arrives, a collection of scripts are executed, known as 'behaviour scripts'. is played, and the website is updated. As a side-effect, the short-term memory will include the face 240 detection event, and the long-term memory will show that one more face detection event has been 241 handled.
242
The blink and sound playback actions in this example are performed by triggering commands. There are also some events that are not caused by external stimuli: an idle event is triggered at 246 set intervals, so Erica's hunger and tiredness can be updated; and an event is triggered every hour,
247
allowing Erica to send messages at appropriate times. subsystem. An example of an interface board from this generation of hardware is shown in Figure   258 6(a). Erica's other circuit boards were initially made using strip board to allow for fast iterative originates from the Mech Pi. The structure of the the lighting control can be seen in Figure 7 . were sold by auction raising a total of £124,700 for three charitable causes.
275
Unlike the other life-size rhinos on the art trail, Erica was located inside a local shopping centre.
276
This location was chosen because of the availability of power, network and the realisation that making found that the glue holding circuit boards and cables inside of Erica was not able to cope, turning a 282 series of neat cable looms and mounted hardware into a mess, leading to hardware failures.
283
Despite the thermally induced hardware failure Erica's deployment was a success with Erica's 284 analytics, as seen in Figure 8 , showing that a significant number of people interacted with her.
285
This shows that the majority of the interactions observed were from the PIR sensor. This has been 286 attributed to the fact that this sensor did not require visitors to actively engage with Erica, meaning a 287 substantial proportion of the count could be people passively observing her or just walking past.
288
It was also observed that the other interactions available were not immediately obvious. Whilst 
293
An area where public expectations differed significantly from the design was the screens 294 embedded in Erica's sides. These displays cycled automatically through a set content sequence 295 including: details of the other rhinos on the art-trail, Erica's mood, and details of conservation efforts 296 in the wild. The public expectation, however, was for these to be touch screens that would provide 297 additional methods of interacting with Erica.
298
One of the features built into Erica that is immediately accessible is the window in her belly to 299 view the electronics. Whilst adults tended to use the mirrors to save having to bend down, children 300 were much more likely to crawl around underneath Erica herself in order to get the best view possible.
301
The team of "Rhino Engineers" responsible for maintaining Erica were all issues with bright red 302 branded t-shirts. Whilst wearing these t-shirts team members were approached by members of the 
Upgrades and Maintenance
307
After the Go! Rhinos deployment Erica returned to the University and the opportunity was taken 
Physical Changes
313
Whilst performing maintenance on Erica during her time on the art trail it was found that 314 removing the main board was a time consuming task, due to the numerous connections to the body 315 electronics. To address this, the electronics were redesigned to use a limited number of category infrastructure is shown in Figure 9 , with changes to the electronics discussed in Section 5.3.
318
The cabling redesign was also extended into the plinth on which Erica is mounted. During 
340
The LED subsystem had proven to be unreliable and susceptible to RF interference during the Interface Pi SBCs. These were intended to display a loop of static pages for visitors to consume.
359
However, shortly after deploying onto the art trail, several passers by commented that they were 360 expecting them to be touch screens with interactive content. This reaction continued throughout the 361 deployment. Therefore, it was decided to make an architectural change and replace these screens with
362
Android-based tablet devices connected to Erica's local wireless network to provide touch interaction 363 with dynamic content. This was done before the Pi touch [27] displays were available, and if this were 364 to be done now these displays would be the more obvious choice. 
385
Whilst these improvements were being developed and deployed, Erica was touring the country 386 and receiving visitors at her permanent home in Southampton. 
Public Engagement and Impact
388
In terms of public engagement there were three key outcomes from developing Erica. inside Erica worked. This was evaluated using questionnaires given to all students, which showed 393 that the classes enjoyed understanding the potential of technology. All of these classes have since 394 returned to the university for follow-up computing workshops.
Evaluating feedback from the general public, the mirror tiles placed underneath Erica to allow 396 people to easily see the technology inside and the visits from the 'rhino engineers' when things 397 needed fixing were both received positively. In particular it helped make the public aware that this 398 was a research project rather than a commercial one and gave people to opportunity to find out how
399
Erica functioned.
400
Figure 13. An two-dimensional net for a QR cube developed to aid interacting with Erica.
While on display during the Go! Rhinos campaign, a pop-up classroom was run that taught 401 programming to almost 1,200 young people from the local community. They were told about
402
Raspberry Pi computers, and how they could use software to build their own rhino components.
403
Several participants made return visits to this workshop and parents were impressed at how much 404 their children had learnt and carried on learning at home. These sessions were run in addition to of these interactions were people "feeding" Erica by touching her chin sensor as shown in Figure 14 .
412
Erica was also at the 2015 Cheltenham Science Festival. In addition to external visits, she has been 413 part of the internal university science days for the last three years, which see approximately 4,000 to 414 5,000 people through the door each year.
415
No matter where Erica has been displayed she has received interest from parents and children 
